Abstract. An H 1 -Galerkin mixed finite element method (H 1 MFEM) is proposed and analyzed for the fourth-order nonlinear Rosenau-Burgers equation. By introducing three auxiliary variables, the first-order system of four equations is formulated. The fully discrete scheme is studied for problem and optimal a priori error estimates for L 2 and H 1 -norms for the scalar unknown, first derivative, second derivative and third derivative are obtained simultaneously.
Introduction
In this article, we consider the following fourth-order Rosenau-Burgers equations [1, 2, 3, 4, 5] . From the literature review, we can see that many numerical schemes are analyzed. However, there is a limited study for finite element methods of Rosenau-Burgers equation.
Pani [6] (in 1998) proposed the H 1 MFEM of the linear parabolic equation. Compared to standard mixed methods, the proposed method has several attractive features. First, they do not satisfy the LBB consistency condition. Second, the polynomial degrees of the finite element spaces V h and W h may be different. Recently, many researchers have studied H 1 MFEM for second-order partial differential equations [7, 8, 9, 10, 11, 12] . In 2012, Liu et al. [12] first proposed and studied the H 1 MFEMs for fourth-order linear parabolic equation (
). However, the convergence of H 1 MFEM for fourth-order nonlinear Rosenau-Burgers has not been studied in the literatures. In this paper, we will derive the fully discrete error analysis of the H 1 MFEM for nonlinear Rosenau-Burgers equation.
Throughout this paper, 0 > C will be denoted as a generic constant which is free of the space-time mesh parameter h and t ∆ .
H

-Galerkin mixed scheme and some lemmas
We introduce three auxiliary variables ,
and reformulate the Rosenau-Burgers equation (1.1) as the first-order system ,
Then a mixed weak formulation is to seek { } [ ]
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For use in the error analysis, we introduce two important projections [6, 13] .
Lemma 1 The elliptic projection
(2.4) Then the following error estimates are obtained can be found. and σ at n t t = which we shall define through the following scheme. Given { } For fully discrete error estimates, we now split the errors
A priori error estimates for fully discrete scheme
Using (3) and (21), we then obtain 
, , , , Adding (3.6) and (3.4b) and using Cauchy-Schwarz inequality and Young inequality, we can get Substituting (3.9) into (3.8) and using (3.3), we obtain 
, , , , Adding (3.12b) and (3.14), we get Using discrete Gronwall lemma, we obtain 21), (3.3), (2.4)-(2.7) with the triangle inequality, we obtain the conclusion of Theorem 1.
Concluding remarks
Compared to the study of the H 1 MFEM for second-order partial differential equations, the fourth-order nonlinear problems have not been studied in the literatures. In this paper, we study the H 1 MFEM for solving nonlinear Rosenau-Burgers equation with fourth-order spatial derivative. We obtain the optimal a priori error estimates in L 2 -and H 1 -norm for four variables. Compared to other mixed methods, our methods can approximate the scalar unknown u , the gradient , simultaneously.
